Twenty patients with myotonic muscular dystrophy (MMD) were compared with twenty controls on a battery of standardised neuropsychological tests measuring motor and cognitive functions. The MMD patients performed significantly poorer on both motor and cognitive tests, particularly those assessing spatial functions. Although both motor and cognitive scores were correlated with age, significant diagnostic group by age interactions were present only for the motor measures. Therefore, while motor deficits in MMD may progress with ageing, cognitive deficits are mainly developmental and relatively stable.
Impairment of higher cognitive functions has been reported as a common clinical feature of myotonic muscular dystrophy (MMD).'2 It is well established that muscle degeneration is progressive in MMD, and some authors have suggested that the associated cognitive changes might follow a parallel course. Bird The MANOVA testing the motor measures revealed a significant effect for diagnostic group, F(6, 27) = 45 16, p < 0-001, for age, F(18, 76) = 2-17, p < 0-01, and for the interaction of diagnostic group and age, F(18, 76) = 1-79, p < 0 05. The MANOVA testing the cognitive measures revealed a significant effect for diagnostic group only, F(10, 23) = 5-68, p < 0-001. These multivariate differences were then examined via univariate F tests on the individual dependent measures.
MMD versus controls
The table presents the average scores for the MMD and the normal groups on motor and cognitive measures, and the results of the univariate F-tests from the MANOVA. As one would expect in a disease involving muscle degeneration, the MMD group performed significantly worse on all motor tests, including measures of motor strength, fine motor speed, and visuomotor coordination. These deficits were severe and bilateral, with no significant differences between right and left hand performance.
Similarly severe deficits are noted on many cognitive tests. The MMD subjects produced significantly lower IQs than the controls (see table) . Eight of the MMD subjects had IQs in the dull normal range (80-89), six fell in the borderline range (70-79) and one fell in the retarded range (69 and below). Thus while there was little evidence of "mental retardation" per se, the disease clearly resulted in lowered intellectual abilities for most patients.
Tests of language and of verbal memory were normal for the MMD group, while spatial and nonverbal memory abilities were significantly impaired. Comparing the Verbal and Performance subtests with the WAIS-R revealed a similar pattern, with the sum of scaled scores for Block Design and Picture Arrangement significantly lower than the sum of Vocabulary and Arithmetic, t(18) = 2-53, p < 0-02. Despite evidence of motor deficits which might implicate frontal systems, prefrontal executive functions measured by the WCST appeared intact.
Progression of deficits with age
As the table indicates, older subjects performed significantly poorer than younger subjects on most motor tests, memory measures, and time to complete the 3D construction task. The older subjects were also worse on the WAB-AQ, an unexpected finding. Significant diagnostic group by age group interactions were found on left hand grip strength and pegboard. However, no such interactions were noted on cognitive tests. Thus while there was evidence of progression of motor deficits in MMD, there was no evidence for a similar abnormal age-related cognitive decline in these patients.
Motor versus cognitive deficits Certain cognitive tests require motor speed and coordination for normal performance, and hence scores might be depressed due to basic motor problems (rather than cognitive deficits) in MMD patients. The performance subtests of the WAIS-R (which require manipulation of test materials), the nonverbal memory subtests (which require drawing), and the 3D construction task were most likely to be effected by motor problems. The remaining tests had no significant motor component which could compromise results. Multivariate analyses of covariance was therefore performed comparing the groups on these measures, controlling for scores on the pegboard task (our best measure of psychomotor speed and coordination). When motor abilities were controlled, we again found a significant effect for diagnostic group, F(4, 25) = 4 40, p < 0-001, and for age, F(12, 66) = 2-21, p < 0-02, but not for the interaction of group and age.
Discussion
As expected in a disease involving myotonia and muscle degeneration, the MMD group performed significantly worse on all motor tests, including measures of motor strength, fine motor speed, and visuomotor coordination. It was also not surprising that age by diagnosis interactions were found for some of the motor measures, since motor problems are known to progress in MMD. Our results demonstrate that these changes exceed those found on the basis of normal ageing.
Of greater interest were the findings on neuropsychological tests of intellectual and cognitive functions. Early studies had suggested a high incidence of retardation in MMD patients, ranging from 21% to 69%, whereas more recent investigators have suggested that these estimates are too high. 6 
